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wherein the immune globulin is dispereed in a 
pharmaceuticaliy acceptable carrier, character- 
ized in that the carrier is a solid. 

Oral administration of IG has advantages over 
parenteral administration. A primary advantage is 
the avoidance of injection, either intramuscuiariy 
or intravenously, as a means of administration 
and the discomforts, etc, associated therewith. 
An oral IG composition provides ease of 
administration and avoids the pain assoaated 
with parenteral administration, particularly intra- 
muscular-Larger doses.of.IG may be administered 
orally than parenterally. 

Description of the preferred embodiments 

The oral pharmaceutical composition of the 
invention comprises orally adm.nisterable 
hepatitis-safe immune serum globulin in a thera- 
peutically effective amount in a pharmaceuticaHy 
acceptable carrier. The immune globulin can be 
nrsnared from .hijrtian, blood by fractionation in 
ihe same manner in which material intended for 
parenteral, i.e.. Intramuscular IMIG) or 
Intravenous (IVIG) use Is prepared. IMIG and IVie 
are well known and can be prepared by known 
means. For example, IMIG is commonly prepared 
by Cohn fractionation (Cohn at ah, J. Am. Cham. 
Soc, 68. 459—475 [1946); Oncley at aJ., J. Am. 
Cham. Soc, 7t. 541-550 [19491). IVIG can be 
prepared by a number of methods such as 
ultracentrifugation (Barundem et al.. Vox Sang., 
7 isj—MA [1962]), pH adjustments (Koblet era/.. 
Vox Sang., 13. 9^-102 [1967J), carejjl 
fractionation (Schneider et aL Vox Sang.. 31 
141—151 [1976]), enzymatic modification (Fahff/ 
flf a/ J Exoer. Med. 118, 845-868 119631; 
Kn^pler-J^Hox San^., 32, 159-164 [1977]), 
structural modification (Barundem etal.. Monogr. 
Allergy. 9. 39-60 [19751), chemical modifiMtion 
(Stephen, Vox Seng., /22-437 [19^^ 
Masuko et el.. Vox Seng., 32. 175-181 [1977]), 
and reduction and allcylation (Pappenhagen etal., 
U.S. Patent No. 3,903,262). 

Other methods of fractionation to yield IG 
which may be used include polyelectroiyte 
affinity adsorption, large scale electrophoresis 
such as disclosed in U.S. Patent No. 4,246,085, lor^ 
exchange adsorption and polyethylene glycol 
fractionation. However, any method which 
fractionates an immune serum globulin compris- 
ing IgG from a human source may be used in the 
present invention. 

As the pharmaceuticaliy acceptable carrier in 
accordance with the invention one may use 
liquid, semi-solid, e.g., pastes, or solid earners. 
Particular requirements of the carrier are that it 
not be harmful to the recipient, that the IG be 
stable therein, and that the carrier not be 
detrimental to the IG. The IG may be combined 
witti the carrier by solution, suspension, 
emulslfication. admixture, encapsulation, 
absorption, adsorption and the like. Examples of 
• carriers which may be used in tiie present inven- 
tion are, by way of example and not limitation, 
water, fats, oils, lipids, liposomes resins, binders 



and fillers, or combinations thereof. The immurie 
globulin may, e.g. be dissolved or suspended m 
water, encapsulated in a liposome or adsortjed on 
a rosin. . 
5 In some compositions a lubricant or disinte- 
grator may be present. An important preferred 
characteristic of a carrier suitable in the present 
composition is that it protect the therapeutic 
effectiveness of the IG, by e.g., maintaining the 
to integrity of the IG molecule or the activity thereof 
and that It facilitate delivery of active IG to the site 
whereat the tinerapeytic .activity_ of Jhe IG is 
required. By the term tiiereapeutic effectiveness 
is meant tiiatthe oral composition be effective for 
IS tine preventative or curative healtti measure for 
which it is orally administered similar to that for 
parenterally administered IG. 

The oral composition of the invention may 
contain a stabilizing agent which protects the IG 
20 from loss of therapeutic activity by denaturation. 
As the stabilizing agent one may use buffere, 
amino acids such as" glycine ana lysme, ' 
carbohydrates such as dextrose, mannose. 
galactose, fructose, lactose, sucrose, maltose, 
25 sorbitol and mannitol, proteolytic enzyme 
inhibitors, or combinations thereof, in an amount 
sufficient to stabilize the IG in the oral 
composition. Also for consideration is the 
conjunctive use of a carrier end stabilizer to 
30 achieve the aforementioned stabilization and 
protective effects and controlled release pre- 
parations. 

The instant product when used to treat enteno 
infections might also contain a bulking material 
35 such as cellulose or methyoellulose in amounts 
conventional in the art, e.g., about one to two 
grams per 100 ml. 

Furthermore the present composition may 
contain an agent that stabilizes the immuno 

40 globulin in the digestive tract or an antidiarrtieal 
agent such as an opium, an adsorbent powder, or 
an anticholinergia Opiums useful in tiie 
invention, which are also antispasmodics 
(decrease time out of bowel) include codeine 

45 phosphate (dosage e.g. 15-60 mg every, six 
hours), diphenyloxylatB (e.g. 5mg every six 
houre), and meperidine. An example, .of an 
adsortsent powder would be kaolin (e.g. 1—2 s 
every four hours). 

60 Suitable anticholinergics are, for example, 
atropine (e.g. 0.5—0.1 mg every 6-6 hours) and 
propantheline (e.g. 75 mg daily in divided doses). 

The product of the invention may contain an 
antacid, which may be administered e.g. every 

55 four to six hours, such as sodium bicarbonate 
(e.g. 4.4 g) magnesium oxide or hydroxide (e.g. 
5.9 g), calcium carbonate {e.g. 4.5 g), magnesium 
trisilicate {e.g. 50 g). magnesium carbonate (e.g. 
63 g), and aluminum hydroxide gel (e.g. 715 ml). 

60 The above dosages are based on cunrent usage 
of the above drugs individually or in combination. 
The amounts of the drugs used in an oral product 
of the invention would be that necessary to 
achieve the desired results, e.g., in an antecid 

6S amount or in an anticholinergic amount This is 
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easily ascertained by one skilled in the art using 
the above guidelines. Of course, the added agent 
must not be detrimental to the activity of the 
immune globulin. . 

The IG should be present in the oral 
composition of this invention in a therapeutica iy 
effeaive amount The amount of IG should, 
therefore, be that v^hich will rerider the oral 
composition therapeutically . active for tiie 
particular prophylactic or curative effect desired. 

Preferably, the instant oral composition will 
contain about i-SO% \G. more preferably about 
5-50%, of which not less than 70% is gannma 
globulin (IgG) as mentioned above. The product 
may contain other globulins such as IgA. IgM, 
IgD, and IgE. For example. Cohn Fraction ll+lll 
contains the following proportions of the above^ 
about 8 parts IgG to 1 part each of IgA and IgM 
and traces of IgD and IgE. m k» 

The pH of the oral composition should be 
pharmaceuticeliy acceptable and not result in 
destabilization of the composition. The pH of the 
composition should therefore be adjusted, where 
necessary, to within the range of about 4-8, 
preferably about 5-7, by addition thereto of a 
pharmaceutically acceptable acid or base. 

it may be desirable for purposes of the 
invention to incorporate into the oral composition 
certain flavoring agents to enhance its 
palatabillty. An example of an additive for this 
purpose is sorbitol. However, there are of course 
many other flavoring agents well-known in the art 
which may be mixed with the oral composition m 
an amount sufficient to render the oral 
composition palatable. Generally, the flavouring 
agent is present in the oral composition in an 
amount of about 1-20%; however, fiavonng 
agents such as vanilla, strawberry and cheny, are 
usually present at a level of less than 1%- 

When to be administered to adults, the material 
preferably is in the form of a tablet. 

Generally immune globulins for intramuscular 
administration contain a mercury compound. The 
orally administerable material according to the 
invention should be free of any mercury 
compound. , , ,. 

The orally administerable immune globulin 
compositions according to the invention may be 
prepared by a method which compnses: 

(a) mixing an orally-administerable immune 
globulin with a pharmaceutically acceptable 
carrier and, optionally a flavoring agent and/or 
other additives, . ^ 

(b) adjusting the pH of the mixture to about 

rendering the mbcture in a form suitable for 
oral administration. 

Atypical formulation of an oral phannaceutical 
composrtion in accordance with the invention is, 
byway of example and not limitation, an aqueous 
solution having the following composition: 



IG concentration 
pH 

Sterility, pyro- 
genicity, safety 

Purity of IG 



5—20 g/100 ml. 

pharmaceutically 
acceptable 

NLT* 90% Gamma 
Globulin 

1—20 g/100 ml. 



Carbohydrate such , 
dextrose, maltose, 
sorbitol 

re •NLT=Not less than 

The starting material for the above fomiulation 
is the globulin fraction isolated from human 
blood plasma by Cohn fractionation (Cohn ej a/., 

20 ibid.}, which is known to be hepatitis-safe. (Cohn 
. Fraction n+i!! p3rte, th'*.h''patitis.S8fely.<?f which, 
is not known, may be rendered so by methods 
known in tiie art such as by heat pasteunation m 
the presence of a stabitoer). Dry Immune Globulin 

2s (Human) or Cohn Fraction II paste is suspended n 
a carbohydrate solution such that its protein 
concentration is &-20%. The temperature of ttie 
suspension is maintained at not more than B'C. 
The solution pH value is adjusted to about 6-7 by 

30 addition of a pharmaceutically acceptable acid or 
base, and the solution is clarified. The solution is 
sterile filtered and filled into appropriate bottles. 
Each bottle comains 1.0 gram of protein and 0.5 
gram of cartjohydrate. The final container bottlea 

36 are plug frozen, lyophllized, and stored at 2» to 
8°C. 

Oral administration of IG 
Patients and protocol 

Seven thriving fomiula-fed *-13 week old 
Immature infants (birth weight .86-1.461^.. 
weight at study 1.36-1.7 leg.) were selected from 
a transistional nursey population. None recewed 
breast milk in the two weeks pnor to this stoJdy. A 

4s modified immune globulin ^M\G) pnpand 
according to U.S. Patent Nos. 3,903,262 and 
4,186.192 in doses of from 1-8 mlAg/day In 
divided doses was administered orally in formula 
feedings for 5 consecutive days to six infants. One 

so infant served as control. All stools were collected 
and saved for each 24 hour period beginning with 
tiie day before MIG feedings began and 
continuing for 2 days after they ended. Jhe 
samples were then frozen at -20"C for later 

55 detenninationB of immunoglobulin content and 
opsonic actwity. 

Coproantibodies . 
The frozen stool samples were quantitatively 
60 removed frtjm the diapera, lyophyi^ed ground 
into powder and weighed. Ten ml. of phosphate 
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buffered saline (pH 7.2) was added for each gram 
of dried stool, mixed for 30 minutes at room 
temperature and then spun at 20,000xg at 4 C for 
30 minutes. The supematant was removed, stenle 
filtered, and stored at -7(fC until needed. 
Quantitative immunoglobulin Q, A and wi 
levels on these samples were performed by 
radial immunodiffusion (Meloy Laboratories, 
Springfield, VA and Kallestad Laboratones, 
Chaska, Minn.). Immunoelectrophoresis was 
performed according to the method of 
Sdh^]degQBT. Int Arch. Allergy, 7, 103 (1955) with 
MIG or stool extract in the wells. After 2 hours in 
the chamber, antisera to IgG, IgA, and IgM were 
added to the troughs. 

Opsonic activity as measured by neutrophil 
chemiluminesence »:u -4 . 

The MIG employed contained high anttboay 
titer to Group B streptococcus and this organism 
was chosen as the target for opsonization. Type III 
Group B streptococcus (SS-893T supplied oy tpe 
Communicable Disease Center. Atlanta, Georgia) 
was prepared and standardized according to the 
method of Hemming ef a/., J. Clin. Invest, 58, 
1379 (1976). . . . 

The Group B streptococci were opsonized by 
mixing 0.4 ml with 0.1 ml of stool extract and 
rotating for 40 minutes at ZTC. The organisms 
were then washed twice in phosphate buffered 
saline, centrifuged and diluted to original volume 
before being used immediately in the 
chemiluminescence assay. . 

Chemlluminesoence (CI) was Performed in a 
liquid scintillation counter (Beckman LS 8000) m 
the single photon count mode with the reaction 
mixttirJs containing 0.7 ml of PMN (2.5x10'/ml) 
and 0.3 cc. of opsonized Group B streptococci 
(5x10* to 1X10' colony forming units/ml.). All 
reaction vials were kept at ZTC in a Dubnoff 
shaking water bath and removed only for the bnef 
time required for counting. 

Clinical observations . ^ ^. 

No adverse effects of the oral MIG feedings 
wore noted during the course of the study. There 
was no increased regurgitaion of feedings, 
diarrhoea, or other alteration in stool pattern. All 
infants remained clinically well and continued to 
gain weight 

Stool immunoglobulins 

The MIG employed contained 14 mg/dl. of IgQ. 
Trace quantities of both IgM and IgA immuno- 
globulins were found in ail stool samples, 
including the control samples collected on each 
infant before and after the MIG feedings and in 
the control infant not given MIG. Levels of IglVI 
and IgA did not rise during the MIG feedings. 

No infant had measurable IgG in 24 hours stool 
samples collected before initiation of 
immunoglobulin feedings, further, in each case, 
the stool IgG levels declined to negligible 
amounts within 48 hours after the last feeding. 
IgG was found in the stools of all six infants fed 



MIG. This IgG ranged from 3 to 72 mg/24 hours 
and represents 4-12% of the oral dose. 
Increasing doses of oral MIG were associated 
with higher amounts of IgG excreted per day, 
s suggesting a linear relationship between the 
amount ingested and the amount recovered. 

Opsonic studies ■ . j 

Normal granulocytes (1.75x10*) were mixed 
10 with Group B streptococcus exposed to saline. 
MIG or stool supematants from an MIG-fed Infant 
and the chemiluminescence. produced is 
measured over time. The peak response in cpm 
per 2x10* cells is used as an index of opsonic 
IB activity. This is generally reached at seven 
minutes after addition of PMNs to the reacUon 
vial. There was then a rapid falloff in counts over 
the subsequent 21 minutes. The curves for MIG, 
stools, and saline are similar in configuration, 
20 except for the peak CL achieved. 

Stool samples with IgG levels greater than 
TOD Wdi: uniforrfily siipporied cnenn- 
luminescence (CL) and were effective opsonins 
for Group B streptococcus at titers ranging up to 
25 1/8 or Vie. Stool samples with IgG levels less 
than 100 mg/dl. did not opsonize Type III Group B 
streptococcus and therefore were pooriy 
supportive of CL This was also true for stools 
from the control infant as well as for all stool 
30 samples collected prior to MIG feedings and 48 
hours after MIG feedings. . . u- 

With respect to CL counts and their relationship 
to stool IgG levels, intensity of CL response did 
not relate to the IgG level in a linear fashion. With 
35 respect to chemiluminescence response on stool 
samples wift antibody levels both above and 
below 100 mg/dl., on undiluted MIG and on saline 
controls, the average CL counts of those samples 
with coproantibody levels in excess of 100 mg/dl. 
40 was 69x10* compared with 69x10* for samples 
with levels less than 100 ml/dl. The difference was 
highly significant (p<.001). 

The difference between the high IgG samples 
and the saline controls (40x10^) was a'sf JilgMy 
4S significant (p<.001 ) as was that between MIG and 
saline controls (p<.001). No statistical difference 
in CL was found between saline controls and 
samples with less than 100 mg/dl. of IgG or 
between samples with greater than 100 mg/dl. of 
so IgG and MIG. . , 

tn studies employing a rabbit ileal loop model, 
Zinkemagel et al.. In Med. Microbiol. Immunol., 
162. 1 (1975) showed that passive Immunization 
with. i.e.. injection into a loop of rabbit intestine of 
ss bovine immunoglobulin (50 mg. of IgG per loop 
was effective in decreasing viability of several 
strains of human enterophathogenic E. coli. 

The above infant study demonstrates that ttie 
infants stool contained significant quantities of 
60 undigested and Intact IgG and that thiis coproanti- 
body retained signfficant opsonic activity for Type 
III Group B streptococci. Oral IG, therefore, may 
be used in prevention or treatment of enteric 
infections, e.g., E. Coli, V. cholera, S. typhosa.or 
65 intoxications, e.g. infantile botulism, since intact 
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IgG \wHh opsonic activity persisted in the gastro- 
intestinal tract and thus Is available to function in 
such prevention or treatment. 



1. Use of human blood fractionation derived 
immune globulin, wherein at least 70% of the 
immune globulin is IgG for the production of an 
orally applicable pharmaceutical composition 'o 
wherein the immune globulin is dispersed in a 
phaTmaceutically accepta^^^ carrier. 

2. An oral pharmaceutical- composition for 
human therapeutic use comprising human blood 
fractionation derived immune globulin, wherein '» 
at least 70% of the immune globulin is IgG and 
wherein the immune globulin is dispersed in a 
pharmaceutioally acceptable carrier, charac- 
terized in that the carrier is a solid. 

3. A composition according to claim 2, charac- 
terized in that it is in the forni of a tablet - 

4. A composition according to claim 2 or 3, 
characterized in that it further contains a stabiliz- 
ing agent selected from buffers, amino acids, _ 
carbohydrates, anticholinergics, antacids end 25 
proteolytic enzyme inhibitors. 

5. A composition according to claims 2 to 4, 
characterized in that the amount of orally 
administerable immune globulin in the 
composition is 1—80% by weight, preferably 
&-50% by weight 

6. A composition according to claims 2 to 5, 
characterized in that it further contains a flavoring 

7. A composition according to claims 2 to 6, 3« 
characterized in that it further contains an anti- 
diarrheal and/or an antispasmodic. 

8. A composition according to claims 2 to 8, 
characterized in that it is free of any mercury 
compound. ^ 

9. An oral pharmaceutical composition for 
human therapeutic use comprising human blood 
fractionation derived immune globulin, wherein 
at least 70% of the immune globulin is IgG and 
wherein the immune globulin is dispersed in a ^« 
pharmaceutically acceptable carrier, charac- 
terized In that it contains an amidlarrheal and/or 

an antispasmodic 

1 0. A composition according to claim 9, charac- 
terized in that the carrier is a liquid and the so 
composition has a pH of 4^-8. 

Patentansprfidie 

1. Verwendung vom Immunglobulin, welches 
sich von einer Human ■ Blutfraktionlerung 
ableltet, worin wenlgstens 70% des Immun- 
giobulins IgG sind, fOr die Herstellung einer oral 
verabreichbaren, pharmazeutischen Zusammen- 
setzung, in welcherdas Immunglobulin in einem ^ 
pharmazeutisch annehmbaren Trager dispergiert 

ist 

2. Orale pharmazeutische Zusammensetzung 
fOr die Humantherapie, umfassend Immun- 
globulin, welches sich von einer Human - Blut- ss 



fraktionienjng ableitet, worin wenlgstens 70% 
des Immunglobulins IgG sind und worin das 
Immunglobulin In eInem pharmazeutisch 
annehmbaren Trager dispergiert 1st, dadurch 
gekennzeichnet, dass der Triger eln Feststoff Ist 

3. Zusammensetzung gemSss Anspruch 2, 
dadurch gekennzeichnet, dass sie in Form einer 
Tablette voriiegt 

4. Zusammensetzung gemass Anspruchen 2 
Oder 3, dadurch gekennzeichnet, dass sie 
weiteriiin ein Stabilisi^rungsmittel, ausgewShlt 
aus Puffern, Aminosauren,~ Kohlehydraten, Antl- 
cholinergika. Antacida und proteolytischen 
Enzyminhlbltoren enthSIt 

5. Zusammensetzung gemSss AnsprOchen 2 bis 
4, dadurch gekennzeichnet dass die Menge an 
oral verabrelchbarem Immunglobulin in der 
Zusammensetzung 1 bis 80 Gew.%,vorzugswBise 
5 bis SO Gew.%, betragt 

6. Zusammensetzung gemSss AnsprOchen 2 bis 
- S/ucduicri gsksnnzeichfiet, dass sis vi/e;t5rt;:n ei;'. 

geschmacksverieihendes Mrttel enthSIt 

7. Zusammensetzung gemSss Anspruchen 2 bis 

6, dadurch gekennzeichnet, dass sie weiteriiin ein 
Anidiarrtioikum und/oder ein Antispasmodikum 
enthStt _ 

8. Zusammensetzung gemSss Anspruchen 2 Die 

7, dadurch gekennzeichnet. dass sie keino Queck- 
silberverfoindung enthalt 

9. Orale pharmazeutische Zusammensetzung 
fur die Humantherapie, umfassend Immun- 
globulin, welches sich von einer Human - Blut- 
fraktionlerung ableitet. worin wenlgstens 70% 
des Immunglobulins IgG sind und worin das 
Immunglobulin in einem pharmazeutisch 
annehmbaren TrSger dispergiert ist, dadurch 
gekennzeichnet, das es eln Antidiarrtioikum und/ 
Oder ein Antispasmotikum enthSIt 

10. Zusammensetzung gemass Anspruch 9, 
dadurch gekennzeichnet dass der Trager eine 
Flussigkeit ist und die Zusammensetzung einen 
pH-Wert von 4 bis 8 hat 

Revendications 

1. Utilisation d'immunoglobullne obtenue par 
fractionnement de sang humain, das laquelle au 
moins 70% de I'immunoglobuline consistent en 
IgG, pour la production d'une composition 
pharmaceutique h administer par voie orale, 
dans laquelle I'immurioglobuline est dispers6e 
dans un vehicule acceptable du point de vue 
pharmaceutique. 

2. Composition pharmaceutique orale h usage 
th6rapeutique humain. comprenant une Immuno- 
globuline obtenue par fractionnement de sang 
humain, dans laquelle au moins 70% de 
rimmunoglobuline consistent en IgG et dans 
laquelle I'immunoglobuline est dispersee dans un 
support acceptable du point de vue phar- 
maceutique, caract^risee en ce que le support est 
une matifere solide. 

3. Composition aulvant la revendlcatlon 2, 
caract6ris6e en ce qu'elle est sous la fomne d'un 
comprim6. 
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4. Composition suivant la revendication 2 ou 3, 
caracterisee en ce qu'elle contient en outre un 
agent stabilisant choisi entre des tampons, des 
amino-acides, des glucides, des anti- 
cholinergiques, des antacides et des inhibiteurs 
d'enzymes proteolytiques. 

5. Composition suivant les revendications 2^4, 
carBCt6ris6e en ce que ia quantity d'immuno- 
globuline administrable par voie orale dans la 
composition va de 1 ^ 80% en poids. de 
pr6f6rence de 5 d 50% en poids. 

6. Composition suivant les revendications 2 i 5, 
caracterisee en ce qu'elle contient en outre une 
substance aromatique. 

7. Composition suivant les revendications 2 S 6, 
caracterisee en ce qu'elle contient en outre un 
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agent antidiarriieique et/ou un agent antls- 
pasmodique. 

8. Composition suivant les revendications 2 8 8, 
caracterisee en ce qu'elle est d6pourvue de tout 

5 compose de mercure. 

9. Composition pharmaceutique orale a usage 
th6rapeutique humain, comprenant une immuno- 
globuline obtenue par fractionnement de sang 
humain, dans laquelle au moins 70% de 

to I'itnmunoglobuline consistent en IgG et dans 
laquelle I'immunoglobuline estdispers^e dans un 
support pharmaceutiquement. acceptable, carac- 
terisee en ce qu'elle contient un agent anti- 
diarrheique et/ou un agent antispasmodique. 

IS 10. Composition suivant la revendication 9, 
caracterisee en ca que le support est un liquide et 
la composition a un pH de 4 a 8. 
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@ Oral pharmaceutical con-iposition containing immune glab 

(S) There Is disclosed an oral pharmacautical composition 
for ttlerapeutic use comprising a therapeutically effective 
amount of orally administerable immune globulin in a 
phan-naceutically acceptable carrier. 
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ORAL PHARMACEUTICAL COMPOSITION CONTAINING IMMUNE 
GLOBULIN 



Bac kground of the Inven-tion 

Field of the Invention; This invention relates to and has 
among its objects provision of novel immunizing agents. 
5. Fnrther objects of the invention will he evident from the 
following description wherein parts and percentages are by 
weight unless otherwise specified- 

Description of the Prior Art : The importance of the 
10 humoral defense system, inmmne globulin tIG) has long been 
recognized- IG preparations for therapeutic use have been 
available for about 30 years, however, the structure and 
function of IG ("gaimtia globulins") has only been 
understood in detail for a few years . Five classes of 
15 iimnuxioglobulins are now recognized; IgA, IgG, IgM, IgE 
and IgD- The functions of the first four classes have 
been extensively researched, whereas the clinical 
significance of IgD is still essentially unknown. The 
bulk of the serum immunoglobulins (approximately 70%) are 
20 IgG, and they are the carriers of many of the body's 

acquired defensive functions. Like the other forms of XG, 
the IgG molecule consists of heavy and light polypeptide 
chains. Proteolytic enzymes can be used to split XgG into 
various f ragroeuts , called Fc, Fd and Fab fragments. For 
25 the immunoglobulin molecule to be fully functional and 

hence therapeutically effective, it is believed that its 
molecular integrity, particularly its primary or tertiary 
molecular structure, must be retained or, if not, its 
function would be impaired. 

30 

Intramuscularly injectable. (IM) and intravenously 
injectable (IV) immune globulin preparations for 
parenteral administration are known. The IVIG material 
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contains e: 
both. 



itHer a modified or unmodified IG molecule 



It nas been observed that breast-fed newborn infants are 

5 better, protected against gastrointestinal infectxon than 

fonu^la-fed infants. (CTelliffe, Ager,. J. Clin„,_mrtr,, 

29 1227, 197S; Kleiaman et al._, Digestive Di_seases_and 

Tc., 24 (11):876:82, 1979; Beer et_al^, J- Invest. 

^;^at , 63:55 - 74 , 1974; Ammann et^al^. ^acz^p x Exp , 

10 IlX^nd Med., 121^1098 - llOl, 1966 r Lourguia et_al^, 

-^^r^S^Z^^^Le^. 72:109 - 125. 1974; Hilpex Bt_al., 

■■Food and immax^ology" , Hambraeus , Hanson L.A. , 

TT fFflc^l TDO 182 - 196 , 1977; Hanebery et al. , 
McFarlane H. (.fcO-SJ pp . -lo 

Eur J Pediatr., 132:239, 1979). This can be accounted 
15 ^;r^7";^r;^-ce of T and B lyiupbocytes , phagocytes, 

antibodies, co.plen.ent coxnponents and other antl-.aOter.al 
substances such as lactoferrin and lysozy^e. The relatxve 
i:upartance of these elements in mi-13c is difficult to 
assess although rexuoval of oells by heating or 
.0 centrifugation :nay lead to a significant ^-s .n 

protective ability (Pitt et_al,, Ped,__^. li' 5°^' 
1977). 

U S Patent No. 4,096,244 describes a dried particulate 
25 porcine or bovine blood seru:m containing immunoglobulins 
Lich is acceptable to and palatable to newborn pigle..s 
when orally administered to piglets as a feed stuff 
component- 

.0 in U S. patent No. 3,975,5l7 a method is described therein 
cows' are vaccinated with a particular vaccxne for coliform 
enteritis. Recovered milk from the so-^vaccinated cows can 
be orally fed to newborn calves on a continuous basrs. 
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An immune milk product containing antibodies is disclosed 
in U.S. Patent l^o. 3,911,108 and may t»e administered to 
baby pigs to protect against transmissible gastro- 
enteritis . 

Milk obtained from milk-bearing animals which have been 
treated with a specific mixed bacterin vaccine is 
described in a.S. Patent No. 3 ,12.8 ,2 30. The milk may be 
administered to human and lower animals for treatment of 
various diseases. 

In U.S. Patent No. 2,6 07,716 there is disclosed a 
composition for preventing or inhibiting scours in calves, 
lambs, goats, pigs, rabbits, and the like. Plasma, serum, 
or globulin fraction o£ pooled blood from dairy cattle , 
sheep, or pigs containing iiranxme proteins is spray— on 
freeze-dried and mixed with a solid Vitamin E; source and 
partially digested milk solids. In use the mixture is 
mixed with water and orally administered to the animal to 
be treated- 

Summary o£ the Invention 

It has been foiand that human IG may be administered orally 
with significant maintenance of molecular integrity. This 
result is surprising because degradation of the IG 
molecule would be anticipated to occur in the stom^ach by 
analogy with the ready degradation observed with various 
enzymes in vitro. As mentioned above, integrity of the IG 
molecule is believed to be required for therapeutic 
effectiveness . 



The product of the present invention is an oral 
pharmaceutical composition for therapeutic use comprising 



•Ili II); 5 0 f'AA -54 93 849 59 83 APC EUROPE 



^00 



006421 0 



a therapeutically effective amount of orally 
administer able human blood fractionation derived immune 
globulin in a phanuaceutically acceptable carrier. 

5 oral administration of IG has advantages over parenteral 
administration. A primary advantage is the avoidance of 
injection, either intramuscularly or intravenously, as a 
means of administration and the discomforts, etc., 
-associated therewith. An oral IG composition provides 

10 ease of administration and avoids the pain associated with 
parenteral administration, particularly intramuscular. 
Larger doses of IG may be administered orally thaii 
parenterally - 

15 p^^^-Wj3^ior^o ^the Prefer red Embodiments 

The oral pharmaceutical composition of the invention 
comprises orally administerable hepatitis-safe iiimiune , 
serum globulin in a therapeutically effective amount in a 
phartaaceutically acceptable carrier. The immune globulin 
20 can be prepared from human blood by fractionation in the 
same man.aer in which material intended for parenteral, 
i.e., intramuscular (IMIG) or intravenous CIVIG) use is 
prepared. IMIG and IVIG are well known and can be 
prepared by Known means. For exainple , XMIG is commonly 
25 prepared by Cohn fractionation (Cohn et al. ., J^ Am. Chem. 
Soc, 68^, 459 - 475 [1946]; Oncley et al. , J. Am. Chem ,, 
71, 541 - 550 [19491 ). IVIG can be prepared by a 
iuntoer of methods such as ultracentrif ugation {Barundern 
et al., vox sang. , 1, 157 - 174 [1962]), pH adjustments 
30 T^^t et al. , VOX Sang. , 13, 93 ' 102 [1967]), careful 
fractionation (Schneider et_al^, Vox. Sang. . 31, 141 - 151 
[1976]), enzymatic modification (Fahey et al^, J^ E^p &r. 
Med^, 118 , 845 - 868 [19631 ; Kneapler et_^d^. Vox S ana^,. 
327'l59 - [1977)), structural modification (Bar^andern 
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et al-, Monoqr. Allergy , 9, 39 - 60 [1975]), chemical 
modification (Stephan, Vox Sang . , 28 , 422 - 437 [1975]); 
WasuKo et al~ , Vox Sang. , 32, 175 - 181 [1977]) , and 
reduLction and alkylation {Pappenhagen et al. , a.S. Patent 
No. 1 ,903 ,262) . 

Other roethods of fractionation to yield IG which may be 
used include pplyelectrolyte affinity adsorption, large 
scale electrophoresis such as disclosed in U.S. Patent No. 
4,245,085, ion exchange adsorption, polyethylene glycol 
fractionation, and so. forth. However, any method Which 
fractionates an immune seruin globulin comprising IgG from 
a human source may be used in the present invention. The 
specific disclosures of the above publications and patents 
are incorporated herein by reference thereto. 

As the pharmaceutically acceptable carrier in accordance 
with the invention one may use liquid, semi-solid, e.g. , 
pastes, or solid carriers. Particular requirements of the 
carrier are that it not be harmful to the recipient, that 
the IG be stable therein, and that the carrier not be 
detrimental to the IG. The IG may be combined with the 
carrier by solution, suspension, einulsif ication , 
admixture, encapsulation, absorption, adsorption and the 
lilce. Examples of carriers which may be used in the 
present invention are, by way of example and not 
limitation, water, fats, oils, lipids, liposomes, resins, 
binders, fillers, and the like, or combinations thereof. 
The immune globulin may, e.g. be dissolved or suspended 
in water, encapsulated in a liposome or adsorbed on a 
resin. 

In some compositions a lubricant or disintegrator may be 
present. An important preferred characteristic of a 
carrier suitable in the present composition is that it- 
protect the therapeutic effectiveness of the JG, by e.g-, 
maintaining the integrity of the IG molecule or the 
activity thereof and that it facilitate delivery of active 
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IG t:o the Site Whereat the therapeutic activity of the IG 
is required. By the term therapeutic effectiveness is 
meant that the oral composition be effective for the 
preventative or curattive health measure for whxch xt 
orally administered siiuilar to that for parenterally 
administered IG. 

The oral composition of the invention, may contain a 



Tne ord-j- <^'~>i>-^t'^-^-^ 

stabilizing agent which protects the IG from Ic 
10 therapeutic activity by denaturation and the like. As the 
stabilizing agent one may use buffers, axaino acxds such as 
Clyci^e. lysine, etc., carbohydrates such as dextrose, 
^annose, galactose, fructose, lactose, sucrose, nvaltose, 
sorbitol, :cnannitol, etc., proteolytic en.y^e inbaixtor s , 
15 and so forth, or coxnbinations thereof, in an amount^ 

sufficient to stabilize the IG in the oral eomposxtxon. 
Also for consideration is five conjunctive nse.of a carrxer 
.nd stabilizer to achieve the aforementioned stabilizatxon 
^nd protective effects and controlled release 
20 preparations. 

The mutant product when used to treat enteric infections 
raight also contain a bulking material such as cellulose or 
methylcellnlose in amounts conventional in the art, e.g., 
25 about one to two gxams per 100 ml. 

Furthermore the present composition many contain an agent 
that stabilizes the i^no globulin in the digestive tract 
or an antidiarrheal agent such as an opium, an adsorbent 
30 powder, or an anticholinergic. Opiums useful in the 

invention, which are also antispasmodics (decrease trme 

out of bowel) include codeine phosphate (dosage e.g. 15 - 

Kvg every six hours), diphenyloxylate (e.g. 5 mg every six . 
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hours) , and mepeverine - An example of an adsorbent powder 
would be kaolin (e.g. 1 - 2 g every four hours). 

Suitable anticholinergics are, for example, atropine (e.g. 0.5 
5 - 0.1 mg every 6-8 hours) and propantheline ^.g. 75 mg daily 
in divided doses) . 

The product of the invention may contain an antacid, which 
o^ay be administered e.g. every four to six hours, such as 
10 sodiuui bicarbonate (e.g.4.4g) magnesima oxide or hydroxide 
(e.g. 5.9 g),calcimn carbonate (e.g. 4. 5 g)^iiagnesium trisilicate 
(e.g. 50g).nvagnesiuiii carbonate (e.9.63g)^nd aiuminmn hydroxide 
gel (e.g. 715 ml ) . 

15 The above dosages are based on current usage of the above 
drugs individually or in combination. The aiuomits of the 
drugs used in an oral product of the invention would be 
that necessary to achieve the desired results, e.g., in an 
antacid amount or in an anticholinergic amount. This is 

20 easily ascertained by one skilled in the art -using the 

above guidelines. Of course, the added agent must hot be 
detrimental to the activity of the immune globulin. 

The IG should be present ija the oral composition of this 
25 invention in a therapeutically effective amount. The 

amount of IG should, therefore, be that which will render 
the oral composition therapeutically active for the 
particular prophylactic or curative effect desired. 

Preferably, the instant oral composition will contain about 
30 1 " 80% iG,rnore preferably about 5 - 50 %, of which not less 

than 7 0% is ganma globulin llgG) as mentioned above. The 

product may contain other globulins such as IgA, IgM, IgD. 

and IgE. For example, Cohn Fraction II + III contains the 
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following proportions o£ the above: about 8 parts IgG to 
1 part each of IgA and IgM and traces of IgD and IgE. 

The pH of the oral composition should be pbarmaceutically 
acceptable and not result in destabilization of the 
composition- The pH of the composition should therefore 
be ad j VIS tad, where necessary, to within the range of about 
4 - 8 , preferably about 6 - 7 , by addition thereto of a 
pbarmaceutically acceptable acid or base. 

It may be desirable for purposes of the invention to 
incorporate into the oral composition certain flavoring 
agents to enhance its pal atabi 1 1 ty . An example of an additive 
for this purpose is sorbitol. However, then are of coarse 
many other flavoring agents well-known in the art which 
may be mixed with the oral composition in an amount 
sufficient to render the oral composition palatable. 
Generally, the flavoring agent is present in the oral 
composition in an amount of about I ^ 20 %, however, 
flavoring agents such as vanilla, strawberry, cherry, 
and the like are usually present at a level of less than 

When to be adn,i n i s tered to adults, the material preferab- 
ly is in the form of a tablet. 

Generally immune globulins for intramuscular ad- 
ministration contain a mercury compound. The orally 
administerable .material according to the invention 
should be free of any mercury compound. 

The orally adm1 ni ster abl e immune globulin compo- 
sitions according to the i nventi on . m ay be prepared by 
a method which comprises: 

(a) mixing an oral ly^admi ni sterabl e immune globulin 
with a pharmaceutically acceptable earner and, 
optionally a flavoring agent and/or other additi- 
V es , 
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(b) adjusting the pH of the mixture to about 4-8 
and 

(c) rendering the mixture in a form suitable for oral 
admi ni stration . 



A typical f orm-ulation of an oral phariTiaceutical 
composition in accordance with the invention is, by way of 
example and not limitation, an aqvieous solution having the 
Eollo-wing composition; 



IG concentration 
pH 

Sterility, pyro- 
genicity , safety 

Purity of IG 

CarTDohydrate such 
dextrose, maltose, 
sorbitol 



S - 20 g/100 ral. 
6-7 
■ pharmaceuticallY 
acceptable 
tILT* 90% Gamma Globulin 
1-20 g/100 ml. 



NLT Not less than 
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The starting material for the above formulation is the 
globulin fraction isolated from human blood plasma by Cohn 
fractionation {CoKn at al. , ibid. ) , which is known to bs 
hepatitis-safe. (Cohn Fraction II + XII paste, the 
hepatitis safety of which is not known, may be rendered so 
by methods known in the art snch as by heat pasteurization 
in the presence of a stabilizer.) Dry Immune Globulin 
(Human) or Cohn Fraction II paste is suspended in a 
carbohydrate solution such that its protein concentration 
is 5 - 20%. The temperature of tbe suspension is 
maintained at not more tban 5» C. The solution pH value 
is adjusted to about 6 - 7 by addition of a 

phanuaceutically acceptable acid or base, and the solution 
is clarifie<i- The solution is sterile, filtered and filled 
into appropriate bottles. Each bottle contains 1.^ gram 
of protein and 0.5 gram, of carbohydrate. The final 
container bottles aire plug frozen, lyophilized, and stored 
at 2° to 8" 

Oral Administration of IG 

Patients and protoco l - Seven thriving formula-fed 4-13 
week old immature infants (birth weight .86 - 1.46 kg.; 
weight at study 1.36 - 1,7 kg.) were selected from a 
transitional nursery population. None received breast 
milk in the two weeks prior to tbis study. A modified 
immune globulin (MIG) prepared according to U.S. Patent 
Nos. 3,903,262 and 4,186,192 in doses of from 1 -.8 
ml/kg/ day in divided doses was administered orally in 
I formula feedings for 5 consecutive days to sijc infants. 
One infant served as control- All stools were collected 
and saved for each 24 hour period beginning with the day 
before MIG feedings began and continuing for 2 days after 
they ended. The samples were then frozen at -20° C for 



CUT- 53 



0.--i/lU '02 10:52 PAX 34 93 849 59 83 APC EUROPE 



©013 



006421 O 



la-ter determinations of immunoglobulin content and opsonic 
activity - 

I 

Coproan tibodies - The frozen stool samples were 
5 quantitatively removed from the diapers, lyophylized, 
ground into powder and weighed. Ten ml. of phosphate 
buffered saline (pH 1.2) was added for each gram of dried 
stool, mixed for 3 0 minutes at room temperature and then 
spun at 20,00 0 x g at 4° C for 30 minutes. The super- 

10 natant was removed, sterile filtered, and stored at -70° C 
until needed. Quantitative iminunoglobulin G, A and M 
levels on these samples were performed by radial iitutmno- 
dif fusion (.Meloy Laboratories, Springifeld^ VA and 
Kallestad Laboratories, Chaslca., Minxt- ) _ Ijnmunoelectro- 

15 phoresis was performed according to the method of 

Scheidegger, Tnt. Arch. Allergy , 7^, 103 (19 55) with MIG ox- 
stool extract in the wells. After 2 hours in. the chamber, 
antisera to IgG, IgA, and IgM were. added to the troughs. 

20 Opsonic activity as measured by neutxrophil 

chemilviminescence - The MIG employed contained high 
antibody titer to Group B stxeptococcus and this organism 
was chosen as the target for opsonization- Type III Group 
B streptococcus (SS-8 93 , siapplied by the Communicable 

25 Disease Center, Atlanta, Georgia) was prepared and 

standardized according to the method of Hemming et al . , J . 
C lin. Invest. , _58, 1379 {197'6} . 

The Group B streptococci were opsonized by mixing 0.4 cc. 
30 with 0,1 cc. of stool extract and rotating for 4 0 minutes 
at 37° C. The organisms were then washed twice in 
phosphate buffered saline, centrifuged and diluted to 
original volume before being used immediately in the 
chemiluminescence assay. 



CUT-53 



006421 0 



Cheiailuminescence (CD was performed in a liquxd 
scintillation counter IBeckman LS 8000) in the single 
photon count mode with the reaction mixtures containing 
0 7 CO. of PMN 12.5 X lO^/cc.) and 0.3 cc- of opsonized 
Group B streptococci (5 x 10^ to 1 k 10^ colony forming 
units/ml.). All reaction vials were kept at 37 ° C in a 
Dubnoff shaking water hath and removed only for the brief 
-time required for counting. 

c l.inical observ ations - No adverse effects of the oral MIG 
Things were n^^lTduring the course of the study. There 
was no increased regurgitation of feedings, diarrhea, or 
other alteration in stool pattern. All infants remained 
clinically well and continued to gain weight . 

Stool XmmuDoqlobulins - The KIG employed contained 14 
mg/dl of IgG. Trace quantities of both IgM and IgA 
iromunoglobulins were f ound ' in all stool samples, including 
the control samples collected on each infant before and 
after the MlG feeding., and in the control infant not gx^en 
MIG. Levels of IgM and IgA did not rise during the KIG 
feedings . 

No infant had measurable IgG in 24 hours stool samples 
collected before initiation of immunoglobulin feedings, 
further, in each case, the stool IgG levels declined to 
negligible amounts within 48 hours after the last feeding. 
IgG was found in the stools of all six infants fed MIG, 
This IgG ranged from 3 to 72 mg/24 hours and represents 
4 - 12% of the oral dose. Increasing doses of oral MIG 
were associated with higher amounts of igG excreted per 
day, suggesting a linear relationship between the amount 
ingested and the amount recovered. 
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Opsonic studies - Normal granulocy-tes {1.75 x 10^) were 
mixed with Group B streptococcus exposed to saline^ or 
stool sTipematants froiti an MIG-fed infant and the chemi- 
luiuinescence produced is measured over time. The peak 

5 response in cpm per 2 x 10^ cells is used as an index of 
opsonic activity. This is generally reached at seven 
minutes after addition of PMNs to the reaction vial. 
There was then a rapid f allof f in counts over the 
subsequent 21 minutes. The curves for MIG, stools, and 

10 saline are similar in configuration, except for the peak 
CL achieved. 

Stool samples with IgG_levels greater .than 100 mg/dl, 
uniformly supported chemilmninesoence (CL) and were 

15 effective opsonins for Group B streptococcus- at titers 

ranging up to 1/8 or 1/16, Stool samples with IgG levels 
less than 10 0 mg/dl. did not opsonize Type IIX Group B 
streptococcus and therefore were poorly supportive of CL. 
This was also true for stools from the contrril infant as 

20 well as for all stool samples collected prior to MXG 
feedings and 4 8 hours after MIG feedings. 

With respect to CL counts and their relationship to stool 
IgG levels, intensity of CL response did not relate to the 

25 IgG level in a linear fashion. With respect to chemi- 
lujninescence response on stool samples with antibody 
levels hoth above and below 100 mg/dl., on undiluted M.IG 
and on saline controls, the average CL counts of those 
samples with coproantibody levels in excess of 100 mg/dl. 

3 0 was 69 X 10"^ compared with 69 x 10^ for samples with 

levels less than 100 ml/dl. The diffeirence was highly 
significant (p < .001). 
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The difference between the high IgG samples and. the saline 
controls (40 x 10^) was also highly significant (p <: .001) 
as was that between MIG and saline controls (p < .001). 
No statistical difference in CL was found betveen sa.line 
5 controls and samples with less than 100 mg/dl, of IgG or 
between samples with greater than 10 0 mg/dl. of IgG and 
MIG . 

In studies employing a rabbit ileal loop model, 
10 zinlcernagel et al. , in Med. Microbiol. Iitanunol. , 162,, 1 
(1975) showed that passive iimnunization with, i.e., 
injection into a loop of rahbit intestine of bovine 
immunoglobulin (50 mg. of IgG per loop) was effective in 
decreasing viability of several strains of hmna:. 
15 enterophathogenic E. coli. 

The above infant study demonstrates that the infants stool 
contained significant quantities of undigested and intact 
IgG and that this coproantibody retained significant 

20 opsonic activity for Type III Group B streptococci. Oral 
IG, therefore, may be used in prevention or treatment of 
enteric infections, e.g., coli, V. cholera, S. typhosa 
or intoxications, e.g. infantile botulism, since intact 
IgG with opsonic activity persisted in the gastro- 

2 5 intestinal tract and thus is available to function in such 
prevention or treatment. 

, \ 
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WHAT IS^CLAIMED IS: 



1. Aa oral pharmaceutical compositioa for human 
therapeutic use comprising orally admi n i s ter ab 1 e 
human blood fractionation derived immune globulin 
in a pharmaceuti cal ly acceptable carrier. 

2. A composition according to claim 1 • characterized 
in that the carrier is a liquid and the composition has 
a pH of 4-8. 

3. A composition according to claim 1 characterized 
in that the carrier is a solid. 

4. A composition according to claims 1 to 3 charac- 
terized in that the carrier is selected from the group 
consisting of water, fats, oils, lipids., waxes, lipo- 
somes, resins, binders and fillers. 

5- A composition according to claims 1 to 4 charac- 
terized, in that it further contains a stabilizing 
agent . 

5 . A composition according to claim 5 ch.aracterii:ed 
in that the stabilizing agent is selected from the 
group consisting of buffers, amino acids, carbohydrates 
and proteolytic enzyme inhibitors. 

7 - A composition according to claims 1 to 5 charac- 
terized in that the amount of orally admin istexable 
immune globulin ih the composition is 1 - 80 % by 
weight and the immane globulin comprises IgG . 
H. A composition according to claims 1 to 7 charac- 
terized in that it further contains a flavoring agent. 
9 . A composition, according to claims 1 to 8 charac- 
teriz.ed in that it further contains an antidiarrheal 
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and/or an antispasmodic and/or an agent which stabili- 
zes the immune globulin in the digestive tract. 
10. A composition according to claims 1 to 9 for 
use to prevent or treat enteric infections. 
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